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Motivated by the possible diphoton excess around 750 GeV observed by ATLAS and CMS
at 13 TeV, we consider a coloron model from SU(3)1 × SU(3)2 spontaneously breaking to
the Standard Model SU(3)C. A colored massive vector boson is resonantly produced by
qq¯ in proton collision, followed by a colored scalar cascade decay. This process gives two
photons and one jet in the final states. And the kinetic edge of the two photons can be an
interpretation of the diphoton excess, while satisfying the dijet, tt¯, jet+photon resonance
constraints. In this model, due to the large mass of vector resonance, the parton luminosity
function ratio between 13 TeV and 8 TeV can be quite large. Therefore, the diphoton excess
has not been observed at 8 TeV search. On the other hand, having all the new particles color-
charged around TeV, this model predicts new signals at the LHC, which can be validated
soon.
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I. INTRODUCTION
ATLAS and CMS collaborations present their RUN 2 results on inclusive diphoton search [1, 2]
at
√
s = 13TeV. Both of the experiments reveal an excess in the diphoton mγγ spectrum near
750 GeV. Having 3.2 fb−1 data, ATLAS gives 3.9 (2.3) σ local (global) significance for broad
resonance search and 3.6 (2.0) σ local (global) significance for narrow width approximation. CMS
have 2.6 fb−1 data and gives 2.6 σ local significance. Although this excess could be statistical
fluctuations, it motivates many new physics explanations [3–80].
Due to Laudau-Yang theorem [81, 82], the excess can be explained by 750 GeV spin-0 particle
produced resonantly, and meanwhile it needs other particles introduced to have the right coupling
to proton proton and to photon photon. Most of the models interpret the excess by introducing
a singlet scalar, while in our paper, we use particles with the Standard Model (SM) SU(3)C color
charge to produce the diphoton resonance. We consider a coloron model, SU(3)1×SU(3)2 → SU(3)C
to give an alternative way to reproduce the excess in the diphoton spectrum. The cascade decay
of heavier colored particle to lighter colored particle, can produce the kinetic edge in the diphoton
invariant mass spectrum, see fig. 1. This model is consistent with the collider constraints, like
dijet, tt¯ and jet+γ resonance at both 8 (13) TeV and also safe from diphoton resonance search at 8
TeV. The model also predicts unique event topology, different from the 750 GeV scalar resonance,
including new resonances and different kinetic distribution of the final state particles.
The paper is organized as follows. In section II, we introduce the coloron model, where a heavy
color particle is the massive gauge field after symmetry breaking and a relative lighter extra scalar
is color charged as well. The cascade decay of the two particles produce two photons and one gluon
in the final states, which generate a kinetic edge in the di-photon spectrum. In section III, we
discuss the LHC constraints on the model from dijet, tt¯, jet+γ and diphoton resonance searches
at 8 and 13 TeV. We find that the parameter space which can explain the di-photon excess can
be consistent with those collider constraints. In section IV, we study the signal diphoton invariant
mass spectrum and its other kinetic properties. We summarize our results in section V.
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Figure 1. The Feynman diagram for resonance production of G′, which subsequently cascade decay to
S + γ → G+ γ + γ. The blue blobs represent the fermion Ψ loops.
II. MODEL
In this section, we start with the coloron model, which is gauged under SU(3)1 × SU(3)2 spon-
taneously breaking down to QCD SU(3)C [83–85]. The spontaneous breaking is induced by a
bi-triplet scalar Φ, a 3× 3 matrix charged under SU(3)1× SU(3)2 as (3, 3¯) representation. Besides
the gauge fields, heavy vector fermions and color-octet scalar and their interactions are considered
here. The colored heavy particles are produced by and can decay to the Standard Model particles.
II.1. spontaneous breaking down to SU(3)C
The Lagrangian for the kinetic term for G1, G2 and scalar Φ are given as
Lkin = −1
4
Ga1,µνG
a,µν
1 −
1
4
Ga2,µνG
a,µν
2 + Tr
[
(DµΦ)
†DµΦ
]
, (1)
where G1 and G2 are the field strength of SU(3)1 and SU(3)2 respectively. a is the color index
running through 1 to 8. The covariant derivative of Φ field is,
DµΦ = ∂µΦ− ig1Ga1,µT aΦ + ig2Ga2,µT aΦ, (2)
where gi(i = 1, 2) is the gauge coupling of the SU(3)i gauge group and Gi,µ is the corresponding
gauge field for SU(3)i. We use Gi for both gauge field strength and gauge field itself. When this
notation is confusing, we add Lorentz indices µν or µ to distinguish them.
We take the spontaneous breaking pattern of Φ to be 〈Φ〉 = vΦI/
√
6, where I is the 3×3 identity
matrix. We can read out the vector which gets mass after the spontaneous breaking from
〈DµΦ〉 → i
(−g1Ga1µ + g2Ga2µ)T a vΦ√
6
, (3)
which shows that the linear combination −g1Ga1µ+g2Ga2µ obtain mass and we denote it as G′. The
other orthogonal combination remain massless and which is in fact the QCD gluon, denoted as G.
The mixing matrices for G1 and G2 are given by
(
G1
G2
)
=
(
cosθg −sinθg
sinθg cosθg
)(
G′
G
)
, (4)
where the mixing angle θg is defined by sin θg ≡ −g2/
√
g21 + g
2
2 and cos θg ≡ g1/
√
g21 + g
2
2. The
mass of the colored vector G′ is m2G′ =
(
g21 + g
2
2
)
v2Φ/6.
4SU(3)1 SU(3)2 SU(2)L U(1)Y
G1 8 1 1 0
G2 1 8 1 0
Φ 3 3¯ 1 0
Ψ 3 1 1 QΨY
S 8 1 1 0
qSM 1 3 Q
q
L Q
q
Y
Table I. List of particle contents and their gauge charges. G1 and G2 are the vector gauge bosons for SU(3)1
and SU(3)2 respectively. Φ is a SU(3)1×SU(3)2 bi-triplet, which is responsible for breaking SU(3)1×SU(3)2
into SU(3)C. Ψ is a heavy vector-like fermion and charged under SU(3)1 and U(1)Y. The SM quarks qSM
are charged under SU(3)2, while the SU(2)L and U(1)Y charges are the same as that in SM which we do not
explicitly write down. qSM couples to octet G
′ through G1,2 mixing, which is responsible for the resonance
production of G′.
Considering the mixing between G′ and G, we can get the strong coupling of the gluon self-
interaction term
gs ≡ g1g2/
√
g21 + g
2
2. (5)
The interactions between G′ and gluon G are given as
LintG′G =
1
2
g2sf
abcfadeG′µb
{
Gνd
(
G′cνG
e
µ +G
c
νG
′e
µ
)
+G′eνG
νcGdµ
}
+ gsf
abcG′aµ
{(
∂µG′νb − ∂νG′µb
)
Gcν −G′bν ∂µGνc
}
. (6)
We can see that in eq. (6), G′ always appears as quadratic term. The reason is the kinetic term
for G1 and G2 is symmetric under the operation 1↔ 2. Under this operation, G′ get a minus sign,
while G does not change. Therefore, only quadratic G′ appears in eq. (6). This prevent G′ from
decaying into gluons. After symmetry breaking, G′ can be considered as a matter field charged
under SU(3)C. In G
′ kinetic term, there is no linear term in G′ as well, for the same reason in
eq. (6).
II.2. The interactions for extra fermions and scalars
We assign the SM quarks qSM charged only under SU(3)2 as fundamental representation. Their
SU(2)L and U(1)Y charges are the same as that in SM, therefore we do not repeat them in the table.
qSM is coupled to octet G
′ through G1,2 mixing, which is responsible for the resonance production
of G′. Here we also introduce a SU(3)1 octet scalar S without any other charge, and a heavy
vector like fermion Ψ, charged only under SU(3)1 as fundamental representation and also under
hypercharge U(1)Y. It has a dimension 5 operator S
aGa1,µνBµν , which will induce the interactions
for SγG′ and SγG. The mass of Ψ is assumed to be high to avoid G′ and S decaying to Ψ pair.
The summary of the gauge charges for the particles are listed in table I.
We list the relevant dimension 4 gauge interactions for fermions below
Lint4d,F = −ig1Ga1,µΨ¯γµT aΨ− ig2Ga2,µq¯SMγµT aqSM
= −i (g1 cos θgG′aµ + gsGaµ) Ψ¯γµT aΨ− i (g2 sin θgG′aµ + gsGaµ) q¯SMγµT aqSM, (7)
5where in the second line we expand G1,2 into their mass eigenstates G
′ and G. For both Ψ and qSM,
the coupling to G is gs due to they are fundamental representation of SU(3)C. Since we assume Ψ
is very heavy, the production of a Ψ pair through G is tiny. In our model, Ψ can be unstable and
decay into SM particles to avoid cosmological limits 1.
The relevant dimension 4 operators for scalar S are given by
Lint4d,S ⊃ (DµS)†a (DµS)a + λSaΨ¯T aΨ, (8)
(DµS)a = αµSa − ig1fabcGb1,µSc = αµSa − ifabc
(
cos θgg1G
′b
µ + gsG
b
µ
)
Sc, (9)
where the color octet S is charged under SU(3)C, which can be pair produced at the LHC. However,
S does not couple to SM quarks, because they are assigned into different SU(3) groups respectively
and also due to the chirality of SM quarks.
II.3. The decay and production of G′ and S
We are interested in the mass hierarchy where mΨ,mΦ > mG′ > mS . How does G
′ and S
decay in such hierarchy is important. The Yukawa term of S in eq. (8) can induce a dimension 5
operator,
Lint5d = kSSaGa1,µνBµν = kSSa
(
cos θgG
′a
µν − sin θgGaµν
)
Bµν , (10)
with
kS = Q
Ψ
Y e
λg1
32pi2mΨ
τ (1 + (1− τ)f(τ)) , (11)
where τ = 4m2Ψ/m
2
S and loop function [86, 87]
f(τ) =
arcsin
2(1/
√
τ) for τ ≥ 1
1
2
[
log
(
1+
√
1−τ
1−√1−τ
)
− ipi
]2
for τ < 1
.
As Ψ is heavier than S, the loop factor τ (1 + (1− τ)f(τ)) = 2/3 in the limit of τ →∞.
In our mass setup, S can only decay to G+ γ/Z via eq. (10). The corresponding decay widths
of S are given by
ΓS→G+γ = (kS sin θg cos θW )2
m3S
8pi
, (12)
ΓS→G+Z ≈ (kS sin θg sin θW )2 m
3
S
8pi
. (13)
Finally, the branching ratios of S decaying to Gγ and GZ equal to cos2 θW = 77% and sin
2 θW =
23% respectively, where θW is the Weak angle as same in SM. Due to significant smaller branching
ratio to Z and high sensitivity for γ detection, we will focus on the decay channel S → G+ γ. But
for high luminosity 13 TeV data, the decay channel through Z is definitely worth exploring.
After mixing between G′ and G, G′ can decay to a pair of SM quarks. It also can decay to
S + γ/Z via loop operator in eq. (10). The formula of G′ decay widths are given by
ΓG′→q¯q =
(g2 sin θg)
2
24pi
mG′
(
1 + 2
m2q
m2G′
)√
1− 4 m
2
q
m2G′
, (14)
1 If QΨY = Q
uR
Y where uR is the SM right handed up quarks, Ψ can decay via Yukawa term Ψ¯ΦuR. In eq. (1), after
Φ obtain its vev, Φ can decay into two G′ which is similar as SM Higgs decay to two Z boson. In more detail,
the 3 × 3 matrix form of Φ can be written as Φ = φ0I + φa8T a. eq. (1) contains operators like φ0G′aµ G′aµ and
dabcφ
a
8G
′b
µG
′c
µ , which can mediate the decay. Since G
′ can further decay to SM quarks, Ψ is unstable.
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Figure 2. The G′ decay branching ratio for q¯q (including all six flavor), S + γ and S + Z channels. NΨ is
the copy of Ψ which has same hypercharge QΨY = 1. (a) the G
′ branching ratio as a function of g1. (b) the
G′ branching ratio as a function of mG′ .
ΓG′→S+γ = (kS cos θg cos θW )2
(
m2G′ −m2S
)3
24pim3G′
, (15)
ΓG′→S+Z ≈ (kS cos θg sin θW )2
(
m2G′ −m2S
)3
24pim3G′
. (16)
We show the G′ decay branching ratio in fig. 2. We generally need large G′ → S + γ branch-
ing ratio to satisfy diphoton signal requirement and avoid collider constraints at the same time.
Therefore, we assume a small mixing angle θg, which suggest that g1  g2. This will suppress the
decay width of G′ → qq¯ by the coupling square (g22/
√
g21 + g
2
2)
2 . To enhance the branching ratio
of G′ → S + γ, we use g1 = 4pi, λ = 4pi and large NΨ copy of Ψ which has same hypercharge
QΨY = 1.
In fig. 3, we show the single resonant production q¯q → G′ cross-section at 8(13) TeV as a
function of mG′ . The calculation is done at tree level by MadGraph 5 v2.3 [88], with model
implemented by FeynRules v2.3 [89]. We do not apply K-factor from QCD correction because
it is only about 1.2 for qq¯ production [8]. We also show cross-section for S pair production for
constraint purpose.
III. CONSTRAINTS FOR THE MODEL
In our model, the resonance production of single G′ will dominantly decay to SM quarks.
This process will be constrained by the ATLAS 8 (13) TeV dijet invariant mass search [90, 91].
We choose their limits for W ′ hadronic decay and compare with our G′ resonance cross-section,
because they are both vector boson that the acceptance will be similar. For 8 (13) TeV, the dijet
constraint shows that the cross-section times acceptance should be smaller than 60 (150) fb for
W ′ at 2 TeV. We can see at this mass, our resonance cross-section of single G′ is already smaller
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Figure 3. The single resonant production cross-section for q¯q → G′ and the pair production cross-section for
pp → SS. Note that the S pair production cross-section is only determined by strong interaction coupling
gs and mS .
than the constraint. Including the acceptance will further weaken the constraints. Moreover, we
should multiply by 5/6 from decay branching ratio of G′ → q¯q, since it only constraints five flavor
of quarks without top. If we conservatively assume that our signal acceptance is 1, we conclude
that G′ mass should be higher than 1450 (1250) GeV for 8 (13) TeV data.
The single resonance G′ can also decay to t¯t whose branching ratio is 1/6 of the total branching
ratio of G′ → qq¯. ATLAS has searched for t¯t resonance through lepton-plus-jets topology at 8 TeV
[92]. Their constraint for a resonant Z ′ which decay to t¯t, is smaller than 50 fb at mZ′ ∼ 2TeV.
This limit is comparable to dijet search. After considering the branching ratio of G′ → t¯t , t¯t
constraint is insensitive to the G′ → tt¯ scenario.
Besides the constraints from G′, we should also consider the constraints from S, which decay to
G+ γ with branching ratio around 77%. There are searches for jet-photon resonance from ATLAS
at both 8 (13) TeV [93, 94]. The 95% CL limits on cross-section times acceptance are around 1
(10) fb at 8 (13) TeV respectively, for a jet+γ resonance at 2 TeV. This search can place a stringent
constraint for our model.
The S pair could be produced through gluon fusion GG → SS with strong coupling gs, which
is shown in eq. (8). The pair production cross-section is given in fig. 3. The S pair production
cross-section decreases fast with increasing mS , due to the two heavy S in the final states.
Therefore, we should also consider single productions of S, which might have larger cross-section.
Fisrt there is no single production of S from G coupling as shown in eq. (8). However, it can be
produced from cascade decay of G′ and associate production with a photon via coupling G−γ−S.
For the cascade decay, it depends on the single production cross-section of G′ and decay branch-
ing ratio BR(G′ → S + γ). G′ single production cross-section is determined by its quark coupling
g2 sin θg, where we choose g1 = 4pi to fix the coupling due to the diphoton signal requirement. The
decay branching ratio of G′ → S + γ depends on masses and couplings.
For the associate production, we have calculated its cross-section using the same parameter in
G′ cascade by MadGraph 5 v2.3 [88]. We found that it is much smaller than G′ cascade. By
comparing the couplings and branching ratio formula, both of them are suppressed by the dimension
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Figure 4. The cross-section for the process q¯q → G′ → S + γ for 8 (13) TeV respectively. The constraints
from dijet, jet+γ resonance searches are shown for 8 (13) TeV respectively. The requirement from mγγ edge
in eq. (17) is shown as magenta line. The benchmark point is shown as a black dot. The best fit region for
the signal is inside the black dashed triangle.
5 operator. However, the dimension 5 coupling for associate production is further suppressed by
sin θg, see eq. (10). Furthermore, it is a 2 to 2 production, while G
′ cascade is a single resonant
production. As a result, S associate production with photon does not provide constraints nor can
it provide diphoton events to the signal.
In summary, the important production of S particles are pair production process GG→ SS and
cascade production q¯q → G′ → S + γ. We add the two cross-section together and conservatively
assume that its acceptance in jet+γ resonance search is 100%. In 8 (13) TeV data, we use the 95%
CL limits from excited quark q∗. Note that the limits on the q∗ mass stops at 1 (1.5) TeV for 8
(13) TeV data respectively. We show the constraints from jet+γ resonance searches in fig. 4.
To summarize all the constraints, we put the dijet, jet+γ resonance searches in fig. 4. The
figure is the mG′ −mS 2D plot, with other parameters fixed for the signal. The cross-section for
the process q¯q → G′ → S + γ is given as color code in the plots, for 8 (13) TeV respectively. The
dijets constraints require G′ mass should be higher than 1450 (1250) GeV for 8 (13) TeV data
respectively, and is shown as vertical solid(dashed) cyan lines. The jet+γ constraints are shown
as solid(dashed) red contours for 8 (13) TeV data respectively. The region inside the red contours
are excluded. The regions where mS is smaller than the horizontal red lines are not excluded, due
to lack of data from experiments.
IV. DIPHOTON SIGNAL FROM CASCADE DECAY OF G′
In this section, we are going to explain the possible excess in the diphoton events, via resonant
produced G′ cascade decay. The decay chain is G′ → S+γ → G+γ+γ, and the Feynman diagram
is given in fig. 1.
Such decay chain has a well-known kinetic edge for the invariant mass of two photons mγγ [95].
(
m2γγ
)
max
=
(
m2G′ −m2S
) (
m2S −m2G
)
m2S
= m2G′ −m2S (17)
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Figure 5. The mγγ distribution for the benchmark point {mG′ ,mS} = {1900, 1695} GeV. The data comes
from ATLAS 13 TeV diphoton search [1]. The cross-section of the benchmark point is σ(q¯q → G′ →
S + γ)×BR(S → G+ γ) = 14fb, which determines the normalization of the signal.
We show our benchmark points {mG′ ,mS} = {1900, 1695} GeV in fig. 4 and found it is con-
sistent with all the dijet and jet+γ resonance constraint. The parameter region which fits the
diphoton signal for both shape and signal strength should have two requirements. First, it should
be close to the m2G′ − m2S = (750GeV)2 line, which is the requirement from mγγ shape has the
correct falling edge around 750 GeV. Second, it should have a cross-section for q¯q → G′ → S + γ
times BR(S → G + γ) = 77% in the range about O(10) fb. This estimation is coming from the
fact that for either short (Γγγ = 5 GeV) or broad (Γγγ = 45 GeV) diphoton resonance, the 2σ
region for signal cross-section is between [1, 11] fb [38]. Our fit to the signal is not resonance but
kinetic edge, thus our signal cross-section should be larger. The estimated signal region is given
inside the black dashed triangle in fig. 4. For the region above the m2G′ −m2S = (750GeV)2 line,
the mγγ kinetic edge will move to smaller values.
Note that when we estimate the constraint, we conservatively assume signal acceptance equals
to 100%. The actual limits might be weaker than our conservative limits, thus more parameter
space opens up.
In fig. 5, we show the mγγ distribution for the benchmark point {mG′ ,mS} = {1900, 1695} GeV
and compare with the ATLAS 13 TeV diphoton data. We see that the signal shape provide a right
drop off around 750 GeV. In the small mγγ region, our signal provides significant events there,
which is one difference from the real diphoton resonance. We should remind that in fig. 5, the
normalization of the signal is not arbitrary but fixed by the cross-section of signal: σ(q¯q → G′ →
S + γ)×BR(S → G+ γ) = 14fb.
Despite the different mγγ shape, our signal also have other features. The normalized kinetic
variable distribution for the benchmark point {m′G,mS} = {1900, 1695} GeV are shown in fig. 6.
The left panel shows the pT distribution for leading (γ1), subleading (γ2) photons and leading
jet (j1). We see that the subleading photon has pT much smaller than leading jet, satisfying
pγ2T < E
γ2 ∼ (m2G′ −m2S)/(2mG′). G′ is assumed to be produced at rest in the lab frame, which is
a good estimation because it is very heavy. The leading photon and leading jet has quite large pT ,
which are also the feature of our signal. Generally, in diphoton signal from gluon gluon fusion, the
leading jet pT will be much smaller than our signal.
The right panel shows the invariant mass distribution for the combination of mγ1γ2 , mj1,γ1 ,
mj1γ2 and mj1γ1γ2 . We can see quite easily that mj1γ1γ2 and mj1,γ1 distribution show the resonance
from G′ and S. mγ1γ2 distribution drops around 750 GeV giving an non-resonant interpretation
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Figure 6. The normalized kinetic variable distribution for the benchmark point {mG′ ,mS} = {1900, 1695}
GeV. (a) the pT distribution for leading (γ1), subleading (γ2) photons and leading jet (j1). (b) the invariant
mass distribution for the combination of mγ1γ2 , mj1,γ1 , mj1γ2 and mj1γ1γ2 .
to the possible diphoton excess. The mj1γ2 distribution follows mγ1γ2 , because γ1 is most likely
coming from S decay that it has a similar momentum as j1.
In summary, given the above difference in pT distribution and more invariant mass resonances,
we can distinguish our signal from the other models which directly having a singlet 750 GeV
particle decay to diphoton. We eagerly wait for more data to see if the diphoton excess is a
statistic fluctuation or not, and check whether we can see more resonances in the events to validate
our model.
V. SUMMARY AND CONCLUSION
In summary, we discuss that the cascade decay of a color octet vector G′ at O(TeV) can explain
the 750 GeV diphoton excess at LHC 13 TeV. In the coloron model, we also introduce a color octet
scalar S coupling to photon via heavy fermion Ψ loop, which leads to the cascade decay of G′.
The final states are two photons and one gluon, where the invariant mass of the two photons has
a kinetic edge around 750 GeV, resulting in the diphoton excess.
We start with the SU(3)1 × SU(3)2 → SU(3)C renormalizable model, which helps us under-
standing the relation between different couplings as discussed in section II. This setup reduces the
number of free parameters and helps to find the right parameter region to interpret the diphoton
excess. Generally, the resonance production of qq¯ → G′ followed by cascade decay, faces the dipho-
ton constraint from 8 TeV search. However in our case, the mass of G′ is around TeV scale which
is larger than 750 GeV, so that the quark luminosity function ratio can be quite large between 13
TeV and 8 TeV. Finally, we also check the collider constraints on this model, including resonance
searches in dijet, tt¯ and jet+γ channels at both 8 (13) TeV as shown in fig. 4. Our benchmark
point for the diphoton excess is safe under these constraints.
To conclude, the diphoton excess can be explained by the renormalizable coloron model, which
has a number of unique features. First, all the new particles are charged under SU(3)C, either triplet
or octet. Secondly, unlike the diphoton decay from a scalar particle, we explain the diphoton excess
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as the kinetic edge of cascade decay. Thirdly, we have two new resonances in the event. One is a
jet+γ resonance from octet scalar, and the other is jet+2γ resonance from octet vector. Finally,
the signal event usually contains a subleading photon with pT . 200 GeV photon and a quite hard
leading jet. With the above unique features, the model is quite easy to be tested with more data
from LHC.
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